Abstract Detailed petrographic and geochemical analyses of 100 sherds of greyware cooking pottery from the large Medieval kiln site of Cabrera d'Anoia have revealed the presence of several compositional groups that are correlated to different phases in the operation of the site. These appear to relate to changes in the extraction of local raw materials for pottery production concomitant with the development of the workshop over several centuries. Macroscopic, microstructural and mineralogical analyses have permitted the reconstruction of a consistent tradition of ceramic manufacture at d'Anoia. Close correspondence between the petrographic and geochemical characterisation of the sherds provides several welldefined compositional reference groups for this major production centre. This is permitting the identification of the products of Cabrera d'Anoia at other rural sites in Catalonia and will provide a firm basis with which to examine the supply and demand of utilitarian pottery vessels in this area during the Medieval period.
Introduction
Sherds of plain greyware cooking vessels are one of the most frequent artefacts excavated from Medieval sites in Catalonia (González 1997) and wider region of northern Iberia (Bohigas and Gutiérrez 1989) (Fig. 1) . Despite their abundance and homogeneous appearance, these utilitarian pots may hold significant potential for studying the traditions of Medieval Catalonian craft production and their organisation, as well as for mapping patterns of trade and exchange between the rural communities that were the main consumers of this greyware pottery.
Several ancient production centres of greyware pottery are known in Catalonia, some of which have been excavated. The largest of these is Cabrera d'Anoia, located 70 km from the city of Barcelona (Fig. 2) . This site, which consists of thirty or more kilns and four workshops, produced greyware cooking pottery between the tenth to fourteenth centuries A.D. It was clearly a major supplier of utilitarian ceramics to settlements in the region and is therefore a good place to start in order to understand the processes of Medieval greyware production and distribution.
As part of a larger project focussed on the development and operation of Cabrera d'Anoia, we have studied 100 sherds of greyware pottery in detail, with the aim of reconstructing aspects of their manufacture at the site and establishing characteristics that may enable the products of this workshop to be identified at other locations in Catalonia. Given the high level of macroscopic homogeneity displayed by the many thousand sherds that have been excavated from Cabrera d'Anoia, as well as those from other greyware production sites, we have focussed on their petrographic, geochemical and microstructural composition in order to characterise the products of this workshop and detect any changes in raw materials and technology over time. Previous analytical studies on greywares from Catalonia (Pradell et al. 1991; Vendrell-Saz et al. 1997a, b) Fig. 1 Illustrations of greyware pottery vessels from the Medieval production site of Cabrera d'Anoia. Ollas (a-e), casserole (f), water jar (g), lids (h-i), and particular water jar with a cylindrical spout, known in written sources as cannata (j) have demonstrated the value of this approach. However, a considerable gap exists in the knowledge of this common group of pottery.
Our research reveals that Medieval greyware pottery manufactured at Cabrera d'Anoia has several distinctive compositional signatures that relate to the specific local geological environment of the site. This was exploited not only as a raw material for ceramic production but also to accommodate the development and expansion of the workshop over time. For several centuries, Cabrera d'Anoia produced a highly standardised product that appears to have had a sizeable market in the surrounding rural landscape. Despite their homogeneity, sherds excavated from different phases of the site exhibit compositional differences at the microscopic and elemental levels that may relate to changes in clay procurement or perhaps manufacturing technology during the operation of the workshop.
Study site and samples
The pottery production centre of Cabrera d'Anoia was excavated during five fieldwork campaigns that took place between 1986 and 1990 (Leenhardt et al. 1995; Padilla and Vila 1998) . This revealed a large number of kilns and several workshop areas that had been cut into the rocky hillside on which the site is located (Fig. 3a) . The potters exploited the natural geological configuration of the landscape, which consists of a hard travertine platform overlying softer, weathered granodiorite ( Fig. 3b-e ). Kilns were located in the open air, forming rows close to natural shelters formed in the granodiorite layer below the travertine ceiling. The shelters were intentionally enlarged by potters to provide a workshop area for paste preparation and vessel forming ( Fig. 3c-d) .
In the workshop areas, certain elements related to the daily use of the site were encountered, such as small travertine slabs and percussive tools for paste preparation, rows of postholes that supported drying structures and occasionally circular pits or silos that might have been used for water or clay storage. Distinctive concentric patches of clay suggest that pottery shaping may have taken place near the mouth of the shelters.
Firing was carried out in double-chambered kilns (Fig. 4) . The fire chamber and access hole were cut into the granitic bedrock leaving a pierced platform on which the pottery was placed. Though all the kilns at Cabrera d'Anoia had collapsed by the time of excavation, it is thought they had a c. 1 m cylindrical adobe wall with a domed roof, constructed above the firing chamber. This kiln design is common in Medieval Catalonia and has also been excavated at the site of Casampons, located 90 km from Cabrera d'Anoia ( Fig. 2) (Padilla 1984) .
As the kilns neared the end of their use, life or the travertine ceiling of the workshop areas collapsed (Fig. 3e) , and new spaces were excavated immediately adjacent to these or further into the cliff (Fig. 3a) . As many as 30 kilns and four workshop areas were created in this way at Cabrera d'Anoia. These can be attributed to several phases of operation of the site. Kiln wasters were dumped into unused kilns once they had been abandoned. Excavation of the site suggests that wasters were deposited on a regular basis in the closest unused kiln, usually on the left or behind the current working area.
The continuous interaction between the manufacturing activities of the potters and the natural rocky landscape that took place at Medieval Cabrera d'Anoia is a good example of the 'Cave-Dwelling Production System' (Amouric et al. 1995) . This model, which was proposed to describe the production of several pottery workshops in Southern France, is highly appropriate to the development of the site and its relationship to the natural environment (Travé 2009 ).
As part of a reassessment of the previously excavated material from Cabrera d'Anoia (Padilla et al. 2008 (Padilla et al. , 2011a (Padilla et al. , 2011b , 5,000 waster sherds were studied macroscopically (Travé 2009 ). This suggests that as much as 95 % of the vessels produced at the site in the Medieval times were a type of spherical boiling pot with a diameter of c. 20 cm, referred to as an olla (Fig. 1a-e) . Other forms such as casseroles (Fig. 1f) , wash basins ( Fig. 1k ) and water jars ( Fig. 1g and j) were also represented in the studied sherds, but occur in much smaller proportions, constituting no more than 5 % of the waster sherds. Given the dominance of cooking pots, Cabrera d'Anoia can be classified as an ollería or cooking potproducing centre. Most of the vessels exhibit incised decoration with simple motives of straight horizontal lines, short vertical incisions, crosses and occasionally undulose lines (Travé 2009, 233-247) .
The waster sherds appear to have been discarded for a variety of reasons. Some were over-fired and exhibit signs of bloating whereas others may have broken due to the collapse of the kiln load or the kiln structure itself. It appears that the kilns at Cabrera d'Anoia were used until the roof fell in, which in some cases may have been during a firing.
For the purpose of detailed compositional and microstructural characterisation, we selected 100 samples from the 5,000 sherds that were studied macroscopically. These were taken from excavated kilns of phase 2 (twelfth century AD), phase 4 (mid thirteenth century AD), phase 6a (late thirteenth century AD) and phase 6b of the site (mid fourteenth century AD) (Fig. 3a) , in order to obtain a representative sample of the workshop's production over time. Phases 1 and 5 of Cabrera d'Anoia are poorly represented and contain little or no ceramic material for analysis. Phase 3 of the site, which corresponds to early thirteenth century AD activity, was unfortunately destroyed during the building of a nearby road. The 100 samples selected for detailed analysis were mostly olla fragments but also contained sherds from three casseroles (samples CA18, CA19 and CA33).
Analytical methods
All 100 selected greyware pottery samples were analysed using a combination of thin section petrography, X-ray fluorescence spectrometry (XRF) and X-ray diffraction (XRD). All three methods of analysis were performed independently, and the results were then compared with one another as well as with the accompanying archaeological information on the sherds. Standard 30 μm thin sections of al sherds were visually grouped into petrographic fabrics under a polarising light microscope based upon the nature of their inclusions, clay matrix and voids (Quinn 2013, 73-79) . Each fabric was then interpreted in terms of its raw materials and manufacturing technology. Possible sources of raw materials for the production of the ceramics of the petrographic fabrics were identified using geological maps of the area.
Geochemical characterisation was carried out by the Material Culture and Archaeometry Research Group (ArqUB) at the Laboratories of Scientific and Technical Services, University of Barcelona, using a Philips PW 2400 wavelength dispersive XRF. Subsamples c. 10 g in weight were taken from each sherd for the purpose of XRF analysis. The surface layer of each subsample was removed with a tungsten carbide abrasive tool, and the remaining material was then ground to a fine powder and oven dried at 105°C. The dried powder was prepared as fused beads for major and minor elements, using 0.3 g of sample and 5.7 g of lithium tetraborate. For Na and trace elements, c. 5 g of ground powder (>80 μm) was pressed as pellets using 2 ml of a Fig. 3 Outline of the Medieval pottery workshop of Cabrera d'Anoia with interpreted phases and features (a). Exploitation of natural geological configuration of the landscape to establish workshops and kiln sites that were subsequently abandoned (b-e) synthetic resin. A total of 29 major, minor and trace elements (Al, Ba, Ca, Ce, Co, Cr, Cu, Fe, Ga, K, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Rb, Si, Sn, Sr, Th, Ti, V, W, Y, Zn, Zr) were analysed as oxides using an in-house calibration programme and expressed as percentage weight (%wt) or parts per million (ppm). By also running standard reference materials of known concentration, the accuracy of the XRF analysis was determined to be c. 98 % for major elements and c. 95 % for minor and trace elements. The trace elements Co and V were measured with a lower accuracy of 89 and 86 %, respectively.
The elemental data obtained by XRF were normalised by log transforming each element relative to Al 2 O 3 to account for the large differences in the concentrations of the major and trace elements that could have affected the subsequent statistical classification. The log-transformed multivariate data was then analysed via hierarchical cluster analysis (HCA) and principle component analysis (PCA) in order to identify compositional patterning and existence of geochemical groups. The elements Sn and Mo were left out of the statistical classification due to their very low concentration. In addition, W and Co were omitted due to their potential enrichment by the tungsten tool used in sample preparation.
The mineral phases present in the ceramic samples were determined using a Siemens D-500 XRD also at the ArqUB. Powered samples of 1 g in weight were prepared as described above and analysed using Cu-α radiation (λ=1.5406 Å), with a graphite diffracted beam monochromator and a power of 1.2 kW (40 kV, 30 mA). The XRD results were used to identify the types of clay minerals present in the raw materials used to manufacture the pottery. The presence of specific mineral phases was also used to interpret the temperatures to which the ceramics were subjected during firing.
Compositional classification
Thin section petrographic analysis revealed the presence of four main related fabrics among the 100 greyware sherds analysed from Cabrera d'Anoia (Table 1) (Fig. 5 ). Samples classified within the 'coarse granitic fabric are characterised by relatively coarse (silt to coarse sand-sized) and generally angular, inclusions derived from 'granitic' acid igneous rock, within a non-calcareous clay matrix. These include quartz, polycrystalline quartz, weathered plagioclase and alkali feldspar, biotite and small intact rock fragments composed of two or more of these minerals. Small amounts of other types of inclusions such as phyllite, calcite and sandstone are present in some samples of this fabric. The coarse granitic fabric is the most common petrographic composition, accounting for 66 % of the analysed samples (Table 1) . It occurs in phase 4 (mid thirteenth century A.D.) and phase 6b (mid fourteenth century A.D.) of the site, where it is the dominant greyware fabric. It is also present in phase 6a (late thirteenth century A.D.), but is less common in the samples analysed.
Samples of the 'fine granitic fabric' (Fig. 5c ) have similar petrographic composition to the dominant coarse granitic fabric, but contain finer-grained (silt to very fine sand-sized) and less abundant inclusions, as well as fewer voids. This fabric accounts for only 6 % of the 100 greyware samples in this study and occurs almost exclusively in phase 2 (twelfth century A.D.) of Cabrera d'Anoia, where it is the dominant composition among the samples analysed (Table 1) .
The 'coarse granitic with clay pellets fabric' and the 'coarse granitic with calcite fabric' are coarse-textured and related to the dominant coarse granitic fabric, but have been defined based upon the significant presence of other inclusions. The coarse granitic with clay pellets fabric ( Fig. 5d ) is characterised by granite-derived inclusions and distinctive clay-rich inclusions, as well as other textural features. Samples of the coarse granitic with calcite fabric (Fig. 5e ) contain 15-30 % micritic and sparry calcite within the inclusions, in addition to the granitic material that is present in all greyware samples. The coarse granitic with clay pellets fabric and the coarse granitic with calcite fabric constitute 22 and 11 % of the 100 analysed samples, respectively. Both fabrics are common in phase 6a (late thirteenth century A.D.) of Cabrera d'Anoia, but also occur infrequently in the phase 6b (mid fourteenth century A.D.) material analysed (Table 1) .
Hierarchical cluster analysis of the multivariate elemental data obtained by XRF revealed the presence of three main geochemical groups within the pottery sherds from Cabrera d'Anoia (Fig. 6) . The three groups are also visible in scatterplot of the first two principal components of the PCA (Fig. 7a) , which together account for 72 % of the variance in the dataset. A scatterplot of the abundance of the elements CaO against NiO (Fig. 7c ) also reveals the same three (Fig. 6) . Samples belonging to group 1, which accounts for 46 % of the analysed sherds, come mainly from phase 4 (mid thirteenth century A.D.) and phase 6b (mid fourteenth century A.D.), but also occur in smaller numbers in the phase 6a (late thirteenth century A.D.) material analysed. Chemical group 2 accounts for 38 % of the samples and is restricted to phase 6a (late thirteenth century A.D.) and phase 6b (mid fourteenth century A.D.). Lastly, all five samples belonging to group 3 come from the second phase (twelfth century A.D.) of operation of the workshop.
A comparison of the petrographic and geochemical classifications of the greyware sherds from Cabrera d'Anoia (Table 1 ) (Figs. 6 and 7b-c) reveals that they correspond well with one another. The dominant coarse granitic fabric equates more of less to the large geochemical group 1, although a few coarse granitic fabric samples were classified in group 2. Petrographic variation detected in the coarse granitic fabric in terms of the presence/absence of certain non-granite inclusions may explain the heterogeneity displayed in geochemical group 1 in the dendrogram and scatterplots (Figs. 6 and 7d ).
All sherds of the coarse granitic with clay pellets fabric and the coarse granitic with calcite fabric that could be classified geochemically are contained within group 2. In the dendrogram in Fig. 6 and the scatterplot in Fig. 7d , a broad split is Fig. 6 Hierarchical cluster analysis dendrogram of the logtransformed multivariate geochemical data obtained by XRF analysis of the 100 Medieval greyware pottery sherds from Cabrera d'Anoia in this study. HCA was performed using Ward's method and squared Elucidean distance. This indicates the existence of three main geochemical groups, that correlate well with the petrographic fabric classification of the same samples and the phase of the workshop from which they originated visible in group 2, which equates to these two related petrographic fabrics. The most striking correspondence between the results of the petrographic and geochemical classifications of the greyware samples from Cabrera d'Anoia is the clear separation of all but one of the fine granitic fabric sherds into geochemical group 3 (Figs. 6 and 7d ).
Approximately 11 of the 100 analysed samples could not be assigned to one of the three identified geochemical groups in the cluster analysis (Fig. 6) . Nevertheless, in the scatterplots of principal components 1 and 2 (Fig. 7b) , many of these are situated alongside classified samples with which they are petrographically related. The classification of a single fine granitic fabric sample in geochemical group 1 and a coarse granitic fabric sample alongside the fine granitic fabric samples of geochemical group 3 are difficult to explain. Notwithstanding these discrepancies, the close correspondence of the petrographic and the geochemical classifications of the 100 greyware sherds from Cabrera d'Anoia as well as their correlation with different phases in the operation of the workshop suggest that these groups are likely to be archaeologically meaningful.
X-ray diffraction analysis reveals that illite is the dominant clay mineral phase in most of the 100 ceramic samples analysed from Cabrera d'Anoia. Few differences in clay mineralogy were present between the samples of the petrographic and geochemical groups described above. However, mineralogical differences between samples from the same compositional groups were detected. These may be related to their firing technology and are discussed below.
Raw materials
The ceramic raw materials used to manufacture greyware pottery at Cabrera d'Anoia are likely to have been procured locally. The site is situated at the edge of a granodiorite outcrop (Fig. 8) , which weathers to form natural shelters that were modified by the potters (Fig. 3b-d) . The angular, poorly sorted nature of the granitic inclusions within the three main coarse fabric groups (Fig. 5 ) might suggest that they could have derived from a residual clay source formed on granodiorite bedrock. However, small quantities of other seemingly naturally occurring inclusions such as phyllite, calcite and sandstone are also present within the ceramics. As these cannot be attributed to a granodiorite source, it is unlikely that the utilised clay formed directly upon the local igneous outcrop. The River Anoia, which passes close to the site (Fig. 8) , is located in a steep valley cut into granodiorite bedrock. Local alluvial deposits associated with this river might be expected to contain a high proportion of minimally transported granodiorite clasts, as well as travertine, sandstone and low-grade metamorphic material derived from further upstream or within the catchment of nearby tributaries (Fig. 8) . With this in mind, it is possible that overbank clay deposits of the River Anoia were exploited as a raw material for greyware pottery production. Unfortunately, significant modern development has taken place along this stretch of the river, and the (Fig. 8) were therefore not accessible for detailed analysis.
Experimental studies on the influence of specific types of inclusions on the heating effectiveness of ceramics (Hein et al. 2008 ) have shown that a moderate proportion (20-30 %) of granite inclusions can increase the thermal conductivity of earthenware pastes and may thus be beneficial for the performance of cooking vessels. With this in mind, it is possible that the potters of Cabrera d'Anoia selected a clay source with naturally occurring granitic inclusions in order to produce ollas with high heating effectiveness. However, a small but significant proportion of phyllite inclusions also occurs in some of the analysed greyware samples. In contrast to granite, inclusions of phyllite may reduce the thermal conductivity of ceramic pastes due to its platy shape (Hein et al. 2008) .
The occurrence of several related greyware fabrics/ chemical groups at Cabrera d'Anoia may indicate the extraction of clay from different locations within the local alluvium. It is likely that these deposits contain natural compositional and textural variations, although the nature of these are yet to be determined. This variation could account for the compositional groups of pottery detected in this study. The close relationship between the petrographic fabrics/geochemical groups and the analysed phases of Cabrera d'Anoia might therefore suggest that raw material exploitation strategies changed over time. An alternative explanation is that potters modified a single clay source via processes such as refining or tempering. This is discussed below.
Manufacturing technology
The generally poorly sorted, unimodal nature of the granitic mineral and rock inclusions in the majority of the greyware sherds analysed from Cabrera d'Anoia suggests that they were natural components of the clay source used to manufacture these ceramics. The less frequent micritic calcite, sandstone and phyllite inclusions that occur in several of the detected fabrics do not differ in shape or size from the granite-derived inclusions and are also suspected to have been naturally occurring within an alluvial clay source rather than being added as temper. An exception might be the significant component of micritic and sparry calcite inclusions within the sherds of the coarse granitic with calcite fabric. Though it is not possible to rule out the possibility that these were an intentional addition, the irregular occurrence of small quantities of similar inclusions in the other two coarse fabrics suggests that they were intrinsic in origin.
The coarse, sandy texture of the inclusions in most fabric groups suggests that the utilised clay source was not refined. An exception might be the ceramics of the fine granitic fabric/ geochemical group 3, which are characterised by finer, siltsized inclusions. The petrographic similarity between these samples and the coarse granitic fabric might suggest that they were made by modifying a similar coarse clay source, by means of sieving or levigation. The statistical classification of the XRF data reveals that samples of the fine granitic fabric are geochemically distinct from the coarse granitic fabric/ geochemical group 3 (Figs. 6 and 7) . They exhibit lower concentrations of SiO 2 and CaO and higher percentages of Ce, Cu, Pb, Ti and Zn (Table 2) . It has been suggested that the process of refining clay can alter the chemical composition of ceramics (e.g. Kilikoglou et al. 1988) , and the removal of the silica-rich granite-derived inclusions and the rare limestone fragments of the coarse granitic fabric might therefore account for the different chemical composition of the fine granitic fabric/geochemical group 3. However, these differences could also have occurred due to the exploitation of a finer clay bed within the same or different alluvial deposit during phase 2 of Cabrera d'Anoia. In the absence of field samples and experimental studies, it is not possible to distinguish between these possibilities.
Clay-rich, plastic inclusions occur in small amounts in most analysed samples. These are likely to be naturally occurring, iron-rich clay pellets of the type that can be found in many sedimentary deposits and particularly soil. However, the coarse granitic with clay pellets fabric contains a greater proportion of clay-rich inclusions and textural features that may be evidence for the intentional blending of two different clay sources (Fig. 5d) . These conspicuous phenomena are dark red in colour with high optical density and range from well-defined equant bodies to streaks and swirls with merging boundaries (Whitbread 1986 ). They could have been produced by the addition of finer, iron-rich clay to the common coarse, a sandy material used for the coarse granitic fabric and the coarse granitic with calcite fabric. However, similar heterogeneity can occur in natural clay sources due to sedimentary processes or bioturbation, and distinguishing this from intentional clay mixing can be difficult (Quinn 2013, 168) .
The greyware ollas and casseroles analysed from Cabrera d'Anoia appear to have been hand-built by means of applying coils of clay to a moulded base. In thin section, several samples exhibit a broadly concentric arrangement of inclusions that are interpreted as relic coils or ropes of clay ( Fig. 5f ) (Quinn 2013, 177) that were not fully obliterated by secondary forming. The rough coil-built vessels appear to have been thinned by rotating them on a slow wheel or 'tournette'. This gave them a smooth finish on their interior and exterior surfaces and resulted in the alignment of elongate inclusions close to the vessel surface in thin section.
Most sherds have a grey colour in hand specimen and in thin section that is suggestive of firing in a neutral to reducing atmosphere. Some are lighter and more oxidised or show core-margin colour differentiation. The clay matrix of most samples appears to be slightly optically active to optically inactive, suggesting an equivalent firing temperature of c. 850°C (Reedy 2008, 186) , though the birefringence of the clay matrix can be difficult to observe within reduction-fired ceramics (Quinn 2013, 191) . The occurrence of primary calcite inclusions in numerous greyware samples, particularly those of the coarse granitic with calcite fabric, might be taken to indicate a firing temperature of below c. 900°C (Rice 1987, 97-98) . X-ray diffraction analysis reveals the presence of significant illite in the majority of the analysed samples (Fig. 9a) . This clay mineral is stable up to a temperature of c. 800°C during the firing of ceramics under reducing conditions (Maritan 2004) . Its absence in several samples belonging to the main petrographic and geochemical groups (Fig. 9b) suggests that they were fired to a temperature of 850°C or more. Several of these samples contain high temperature mineral phases such as hercynite and spinel that form above c. 900°C in reducing conditions (Fig. 9b) (Maritan 2004) . Some of the waster sherds that have been analysed exhibit bloating and failure due to over-firing.
The simple updraft double-chambered kilns used at Cabrera d'Anoia (Fig. 4) were capable of achieving a temperature of c. 800°C necessary to produce coarse unglazed earthenware pottery. The higher temperatures experienced by some sherds suggest local variation within the kiln that could have been caused by drafts or specific placement of the individual pottery vessels. It is likely that a reducing atmosphere was achieved by closing the structure at the end of the firing, though this did not always ensure fully reducing conditions, as indicated by the presence of some lighter coloured and more oxidised sherds in the samples analysed.
Discussion
For several centuries, the Medieval olleria at Cabrera d'Anoia mass produced grey coarseware cooking pots that were morphologically very consistent both in terms of their form and size. The petrographic and geochemical analyses of a selection of 100 ollas and other utilitarian vessels in this study reveal that the ceramic products of this large rural workshop also exhibit relative continuity in raw material selection and manufacturing technology.
The potters working at Cabrera d'Anoia appear to have obtained relatively coarse, juvenile alluvial clay with abundant granitic clasts from the nearby River Anoia and may have used this material without significant modification to produce greyware pottery at the site. Ollas and other vessel forms were constructed by moulding and coil building, leaving characteristic traces within the sherds in thin section. Circular features discovered inside the collapsed caves at Cabrera d'Anoia suggest that individual potters worked on a tournette. This device may have been used to smooth and finish the rough coil-built vessel forms. Firing was performed outside the mouth of the caves in double-flued, updraft kilns cut into the rocky soil with an adobe firing chamber. Potters closed and sealed the kilns during firing to achieve an oxygen-poor atmosphere and give the pots their consistent dull grey colour. Thin section petrography and XRD analysis indicate that the vessels were fired to a temperature of c. 800°C, which is common for unglazed earthenware pottery. However, some vessels appear to have been subjected to higher temperatures of 900°C or more, perhaps due to local variation within the kilns.
The pottery manufacturing sequence that can be reconstructed for the greyware ceramics of Cabrera d'Anoia by (Riu 1990 ) reveal a continuous craftsmanship with only minor variation over long periods of time. The contemporaneous Catalan kiln site of Casampons (Fig. 2) produced grey earthenware ollas that are morphologically very similar to those of Cabrera d'Anoia. Despite the typological and compositional homogeneity of the Medieval greyware pottery from Cabrera d'Anoia, differences in their paste have been detected at the mineralogical and elemental levels. These compositional groups, which are confirmed by the close correspondence between the results of the petrographic and geochemical classifications of the 100 sherds, are broadly correlated with the different phases of the workshop. For example, ceramics produced during the second phase of the site (twelfth century A.D.) were made of a finer paste that is geochemically distinguishable from those made in the later phases, and pottery analysed from the fourth phase of the site are characterised by a single coarse petrographic and geochemical composition. These chronological patterns in ceramic composition could represent changes in ceramic raw material procurement, or perhaps the intentional modification of a single clay source over time. In the absence of field samples, it is not possible to distinguish between these possibilities. A possible scenario might be that potters obtained clay from different sites or beds within a single clay source, perhaps due to the exhaustion of suitable clay at certain locations, or in response to external factors.
The longevity of pottery production at Cabrera d'Anoia might be attributed to the favourable environmental conditions at the site (Matson 1965, 203) . These included a suitable nearby source of coarse granitic clay, abundant water and available sources of fuel (Py 2001; Travé 2009, 185-198) . In addition, the unique geological and geomorphological configuration of the site, specifically the existence of natural caves that could be enlarged and extended over time, is likely to have been an important factor in the establishment of a pottery workshop at Cabrera d'Anoia and its operation for several hundred years.
The mass production of a single standardised product for four centuries at Cabrera d'Anoia indicates that a consistent market for its pottery existed within the surrounding area. The size and geographic extent of this demand, as well as the mechanisms by which pottery from Cabrera d'Anoia and other greyware production sites in Catalonia were distributed, are the topics of the next stage of our research. By characterising compositionally, the ceramics manufactured during different phases of Cabrera d'Anoia, we have established several 'reference groups' or 'control groups' (Fillieres et al. 1983; Day and Kilikoglou 2001) for the workshop (Table 2 ). This will hopefully enable us to detect its exported products in domestic contexts, and at markets or way stations between producer and consumer. Initial results suggest that Cabrera d'Anoia supplied greyware pottery to villages within a radius of up to 40 km, where its ceramics can constitute as much as 50 % of the excavated pottery assemblages (Travé et al. 2013 ). This type of information holds a significant potential for mapping patterns of trade and exchange between rural communities in Medieval Catalonia, as well as containing the clay mineral illite that is suggestive of firing below c. 800°C (a), sample CDA043 without illite, and with significant quantities of hercynite that forms above c. 900°C during firing for understanding market forces driving the supply and demand of utilitarian pottery in the region.
